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The extensive use of brass for industrial purposes, es-
pecially in the various parts of hydraulic machinery and "boats,
makes it very desirable that a scientific study be made of the cor-
rosive effect of solutions on the brasses. It might be well at
the outset to state clearly what we understand by the term "corro-
sion". Brass exposed to the action of climatic changes soon be-
comes green; silver exposed to smoke blackens, and we commonly say
it has tarnished; iron develops a reddish coating, called "rust";
dissimilar metals in contact in sea-water are rapidly disintegrat-
ed; iron water-mains in large cities are runied by the corrosive
action of stray electric currents. From these few examples, it
must be quite clear that all the above changes are chemical, no
matter what caused the reaction. Acids act on metals to form
salts; this is acid or chemical corrosion. An electric current
may disintegrate the anodic material; this is electro -chemical
corrosion. Are these two forms of corrosion the same? Many
decades ago the answer was made in the affirmative, and quite re-
cently Hr. Turrentine (1) demonstrated experimentally that the dif-
ferences between the chemical and electro-chemical action of nitric
acid on copper are due to dissimilar conditions in the experiments
and not to any real differences in the nature of the action.
Chemical corrosion of metals by salt solutions is a slow process;
while the electro-chemical action is rapid. It was therefore the
object of this research to study the electro-chemical corrosion
phenomena of brasses in aqueous salt solutions, with the purpose
of ultimately obtaining useful brasses that may be termed "non-
o
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corrosive it
Brasses will be considered as composed of copper and zinc
in varying proportions; and to make things simpler, we shall dis-
tinguish the brasses by their copper content. Thus a 60 per cent,
brass is one that contains 60 per cent, copper and 40 per cent,
zinc. The question now arises are brasses merely mixtures of cop-
per and zinc; or are definite compounds present? The determina-
tion of the various equilibrium phases is not at all an easy mat-
ter. Different methods yield very discordant results. For in-
stance, Guertler (2) from his compilation of the work of others on
the electrical conductivity of alloys arrives at the conclusion
that copper and zinc combine in the proportions of CugZn^; this
compound would correspond to the boundary line between Shepherd's
(3) ol and /3 crystals. Herschkowitsch (4) from his single difference
of potential measurements believes that zinc and copper form the
compound CuZng. We shall have occasion to refer to this work lat-
er. By" thermometric and micrographic methods, Roberts-Austen (5)
and more recently Shepherd (3) have established the various equilib-
rium phases. Since their methods are accurate and reliable, we
have adopted Shepherd's classification, which is as follows:
Brasses are never compounds, but are solid solutions. At
o
400 C. brasses varying in composition from
100$ Cu
63$ Cu
51$ Cu
40$ Cu
30$ Cu
20$ Cu
63$ Cu contain the oc crystals.
51$ Cu " £ n
40$ Cu " n /3 -h Y n
30$ Cu " " y n
20$ Cu n • y+e + £ *
13$ Cu " e "
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13$ Cu - 2.5$ Cu contain thee+h crystals
.
2.5$ Cu- 0$ Cu " " ^
Brasses were prepared representing nearly all of these areas.
It is to "be regretted that "brasses containing the V crystals could
not be used because of their extreme brittleness.
Below 55 per cent, copper, brasses are not used commercially , but
we have included them, in order to make the series complete.
The method of obtaining the brasses is as follows:- The de-
sired amount of pure electrolytic copper was melted under a layer
of charcoal in a crucible. When the copper was thoroughly molten,
the zinc (the so-called Bertha spelter) was added in small quanti-
ties, and the melt, vigorously stirred after each addition. In
this way a little more zinc was lost by volatilization that would
have been the case, if all the zinc were added at one time. How-
ever, by the latter method, the melt invariably "froze"*, and it
was very difficult to remelt it. 7/hen the brass was ready to be
"poured", the charcoal layer was carefully removed, the brass well
mixed by means of a carbon rod, and rapidly poured into a sand
mould.
After many months of discouraging trials v/ith moulds of
various types (carbon, iron, etc.), sand casting was resorted to,
and gave very satisfactory results. The pattern consisted of a
large brass rod (7" X 1/2") through which seven smaller brass rods
(9" Z 1/4") were inserted at equal distances* The mould was made
in two parts, each receiving the impression of exactly one-half of
the pattern. The upper half was then supplied with a"gate" in
the middle and a "riser n at either end. With the mould thoroughly
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vented, it was possible to secure very acceptable castings. After
the brass had been"poured" ,it was removed from the mould as soon
after solidifying as possible (Even while red-hot) and quenched in
cold water.
The small rods were then cut from the "gate", and samples
for analysis were obtained by filing and polishing two of the pieces
and taking sections f about .5 gram) from opposite ends of either.
The copper was determined by electrolysis, and duplicate analyses
proved conclusively that the rods were of uniform composition.
For example, the following are a few of such analyses :-
Per cent. Copper 86.66 - 86.66
73.38 - 73.44
58.52 - 58.46
51.42 - 51.48
If the analysis showed that the brass was of the desired composi-
tion, the test pieces were annealed at 400 C. for two weeks, in an
electric annealing oven of the simple form described by Shepherd (3)
the only difference being that German silver wire was found more
satisfactory than nickel wire for resistance. The pieces were
then machined down to 3/16" in diameter, highly polished, numbered
and stored in glass-stoppered bottles, where they remained bright
and clean after months' standing. In the manner described above,
the following series of brasses was prepared :-
Per cent. Copper: 93.6; 86.6; 83.3; 76.3; 73.4; 66.5; 6C.3 56.6;
51.3; 47.6; 22.6; 10.5; 3.1.
It was deemed advisable to corrode all the pieces of the
series in the same electrolyte simultaneously, so the following
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stirring device was constructed:- Along a wooden strip 1-1/2" X 1"
at equal distances of about 5 inches, holes were drilled into
which were driven short brass rods, whose centers were drilled out
to fit 3/16" rods. These rods terminated at their lower ends in
brass connectors to hold the test pieces, while the upper ends
were made cup-shape to hold a drop of mercury and the leading-in
wire for the current. Each stirrer, fitted with a two-grooved
wooden pulley of uniform diameter was connected in series with the
preceding stirrer by an elastic belt. The entire apparatus was
raised about five inches above the desk to accommodate the beakers
containing the electrolytes. Since it soon became evident that
thirteen such stirrers in one apparatus were too unwieldy, the ap-
paratus was divided so that one section contained six stirrers and
the other seven. Each section was driven by a separate motor of
the same patternand speed*
The current was conducted in series throughthe test-pieces,
thick platinum wires serving as cathodes. Ho attempt was made to
have a current of the same strength in the different experiments,
for reasons to be given later. In all eases200 c.c, of the elec-
trolyte were used, the concentration of the solutions being approx-
imately normal. We experienced no trouble in the matter of the
solute creeping up the sides of the bea3i.ers. When an experiment
was concluded, each test-piece was carefully cleansed with a rub-
ber-tipped stirring rod until no more material could be removed.
It is important to call attention to this fact; that in many cases,
especially in the earlier experiments, there often remained on the
test-piece a copper-colored coating, which many times could not be
TABLE I A.
Corrosion in Sodium Chloride Solution.
Grams Grams Cu. f Cu.
fo Cu. Corrosion Corrosion Corroded
93.6 .5657 .5230 92.4
86.6 .5262 .4122 78.3
83.2 .5190 .4147 79.9
76.3 .4901 .3657 74.6
73.4 .4852 .3566 73.5
66.5 .4603 .2869 62.3
60.3 .4364 .1996 45.7
56.8 .3639 .1022 28.1
51.3 .3350 .0514 15.3
47.6 .3021 .
2£.6 .3104
10.5 .3006 .
3.1 .3019
TABLE I B
93.6 .7204 .6756 93.8
86.6 .7165 .6263 87.4
83.2 .6935 .5807 83.7
76.3 .6519 .4993 76.6
73.4 .6460 .5117 79.2
66 .
5
.6056 .4026 66.5
60.3 .5773 .3417 59.2
56.8 .4576 .1150 25.1
51.3 .4616 .0990 21.4
47.6 .4077 .0052 1.3
22.6 .4042 .0006 0.2
10.5 .3975 .0004 0.1
3.1 .3972 .0001 0.0
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removed even by scraping with a knife. Moot of the testa were
run in duplicate, and some of them many more times. The results
presented here can have no claim to absolute accuracy, but are
simply useful in indicating the general trend of the corrosions.
Table I gives the results for the corrosion in a normal sodi-
um chloride solution. After a few minutes corrosion the beakers
contained light greenflocculent precipitates, which soon changed
to a very dark yellow or orange color, in all cases except the three
lower brasses, which remained almost pure white. Ho other elec-
trolyte gives the same colored corrosion product, which is proba-
bly a mixture of the oxides. At the termination of the experi-
ment, the pieces were coated with a heavy red scale, in most cases,
easily removable. In one or two cases not even scraping was ef-
ficacious. That this tenacious scale is pure copper is readily
seen from the following test. A day or two after the completion
of an experiment (not shown in the tables) it was observed that
the scale of the 51.3 per cent, brass was becoming loosened. Ac-
cordingly, the whole scale was removed (it could now be readily
peeled off)
,
weighed and analyzed. .3172 grams of the scale con-
tained .3140 grams of copper, showing that 9S per cent, of it was
copper. The copper in the corrosion products of series 1 A was
determined by first separating the copper as the sulphocyanate , and
electolyzing its solution in nitric acid. The results are not to
be regarded as equal in accuracy to those of table 1 B, wherein
the copper was first deposited from an ammoniacal solution and sub-
sequently from a nitric acid solution. It is interesting to note
that the grams corrosion in both cases would give parallel curves
for the entire series.
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The choice of methods for graphically representing corrosion
data is not an easy matter. In a paper similar to this one, on
the corrosion of bronzes, Mr, Curry (6) expressed his results in
current efficiency curves on the theoretical basis that all bronzes
of intermediate compositions between pure copper and pure tin would
corrode in the proportion of their constituents. The curves as
given by him indicate that the amount of corrosion is greatly in-
fluenced by the phases in equilibrium. In no case, did he present
similar curves for the copper or the tin efficiency. While at-
tempting to plot such curves for the brasses, this interesting fact
soon became evident; that at certain composition more than 100 per
cent, efficiency was obtained.*, This was especially true for sod-
ium nitrate, ammonium nitrate and ammonium oxalate solutions.
Up6n comparison with Mr. Curry's data for the corrosion of bronzes
in sodium nitrate solutions, the fact of more than 100 per cent,
efficiency is observed for the low copper bronzes, all of which is
explained by disintegration of the electrode. Another fact is
connection with the bronzes that Mr, Curry seems to have overlooked
is that the copper efficiency for the high copper bronzes is far
above 100 per cent* Moreover, after each of the complete series
run by Mr. Curry, he investigated more carefully certain bronzes
emphasizing the fact that the£ crystals were removed from the so-
lution before analysis. From this it would appear that the £
crystals are a disintegration product, and as such are not to be
included as part of the current efficiency, as done by Mr. Curry.
These considerations, as well as others gathered from our own ex-
periments, lead us to the belief that in the true sense of the word,
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no current efficiency diagrams can be plotted, and that factors
other than the mere electrical current govern the corrosion.
To make our position a little clearer, let us take for ex-
ample, the electrolysis of a sodium nitrate solution between a
platinum anode and cathode. At the cathode, the sodium ion giv-
ing up its charge forms sodium hydroxide, liberating hydrogen.
At the anode, the nitrate radical liberates oxygen with the re-
formation of nitric acid. If the solution is well mixed, the sod-
ium hydroxide and the nitric acid react to produce sodium nitrate.
If, however, we employ a copper anode, instead of oxygen being lib-
erated, copper nitrate will be formed, which, reacting with the
sodium hydroxide, precipitates copper hydroxide. The only differ-
ence in the two esses cited is that the anodic product of elec-
trolysis does not react chemically with the anode in the first
case, but does so in the second* If we had employed a pure zinc
anode, the experiment would have been analogous to the one where
copper was the anode. However, if we employ, as an anode, a
brass of any composition, we complicate matters greatly. On the
assumption that copper and zinc only are present, and each acts
independently of the other, the nitrate ion has a selective action.
It may take either the copper of the zinc or both. Clearly it
is a case of the distribution of two metals between an acid.
J5ow, it is well known, that besides the copper and zinc,
various crystalline mixtures (solid solutions) of these elements
exist in brasses. In that event, the nitrate ion may dissolve
either copper, zinc, the crystals, or any combination of these.
If it dissolves the copper and the zinc according to the concen-
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tration of these elements and without regard to the form in which
they exist, then the compost ion of the corrosion product will be
the same as the test-piece from which it was produced. If, how-
ever, phases have any effect on the solventaction , then it must
he admitted as likely that a combinationof zinc and copper may be
obtained that will be passive or tend to become so. In that case,
it will dissolve less slowly than the rest of the test-piece, but
as the matrix is eaten away, the crystal- will fall out mechanical-
dissolving
ly; and if not removed from the solution before/the corrosion
product in nitric acid and analyzing, it will be considered aspart
of the product directly due to the current, and consequently enter
into the efficiency diagram. This then gives an excellent basis
for values higher than the theoretical efficiency. But the same
phenomenon is taking place in brasses and bronzes, which even on
the erroneous basis of current efficiency, gives less than the
calculated values* In that case the true results must be lower.
In actual chemical corrosion, the disintegration products will be
removed from the brasses, after the corrosion has proceeded far e-
nough and should therefore be considered as loss by corrosion.
For these reasons we have not attempted to plot any current
efficiency curves but have adopted the plan of showing the change
in actual grams' corrosion with the composition. It must be dis-
tinctly understood that no attempt was made to keep the current
up to the same ampereage throughout these experiments. Therefore,
the diagrams can only show the relative corrosion of the various
brasses in the same electrolyte. Whether such corrosion will
take place, depends upon the electromotive force that will be set
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up in the solution; since the passage of a current and the result-
ing- corrosion will depend upon the decomposition voltages of the
solutions and the potential differences of the brasses. It is
therefore purposed in the near future to measure the potential dif-
ferences of bresses in the various solutions used, and thus perhaps
gain an insight into the relative corrosion power of various elec-
trolytes. Another means of accomplishing the same end will be
discussed later in this paper.
Figure I illustrates the relative corrosion of the various
test-pieces in sodium chloride solutions; the data are given in
table IB. For the total grams corrosion and copper corrosion
there is a rapid and regular decrease in the amount corroded as
the copper content of the brass decreases. At 51 per cent, copper
there is a very marked falling off in the amount of the corrosion
due to the presence of the Y phase, which first appears at that
point. It is interesting to note that from 50 per cent, copper
to pure zinc practically no copper is found in the corrosion
product. From this it follows that in the Y G and h. phases, we
have good examples of the selective action of the acid present.
The fact that almost no copper dissolves from brasses of less than
60 per cent, copper accounts for the presence of the copper films
mentioned above. Above 60 per cent, copper, the brasses do not
become so copper-rich on the surface and dissolve in the propor-
tion of the original test-piece.
After the completion of the experiment, the brasses were
examined microscopically, with very surprising results. Descrip-
tion of the appearance of the electrodes 7/0 uld give an inadequate
idea of their crystalline structures, so we shall not describe
TABLE II A.
Corrosion in Sodium Mtrate Solution.
Grams Grams Cu. % Cu.
fo Cu. Corrosion Corrosion Corroded
93.6 .2617 .2410 92.1
86.6 .2591 .2240 86.5
83.3 .2773 .2236 82.5
76.3 .2746 .2024 73.7
73.4 .2782 .2044 73.5
66.5 .2618 .1562 60.0
60.3 *2960 *1776 60.0
56.8 .2774 .1500 54.1
51.3 .2786 .1494 53.6
47.6 .2855 .1018 35.7
22.6 .2111
10.5 .2717 !oi25 4.6
3.1 .3916 .0116 3.0
TABLE II B.
93.6 .3091 .2877 95.2
86.6 .3191 .2775 86.9
83.3 .3173 .2645 83.4
76.3 .3308 .2494 75.4
73.4 .3375 .2481 75.2
66.5 .3398 .2236 65.8
60.3 .3452 .2105 61.0
56.8 .3355 .1872 55.8
51.3 .3375 .1812 53.7
47.6 .3504 .1516 43.2
22.6 .2352 .0002 0.0
10.5 .3316 .0228 6.8
3.1 .4804 .0174 3.6
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them in deteil. There seams to be a definite relation between
the appearance of the test piece after corrosion and the phases
in equilibrium; in other words, this method of electrical etching
gives results comparable with acid etching. We shall reserve a
more detailed discussion until some later date, when more work has
been done on the subject.
The results for two series in sodium nitrate solutions
are given in Table II and shown graphically in Figure 2 for series
2A. In these cases, the corrosion products were apparently hy-
droxids of copper and of zinc in varying proportions. In the case
of the 3.1 per cent, brass, the corrosion product was gray-colored
due to metallic particles mixed in with the zinc hydroxide.
The test-pieces were coated with a red-scale, easily removable
and exposing the structure of the brass underneath. From Figure
2, it is at onee evident that the amount of corrosion increases
with the decrease of copper content in the test-piece. For the
22.6 per cent, brass, the corrosion is lower than for any other
concentration studied. But the corrosion very rapidly increases
as the zinc content increases. A prolongation of the curve to
the zinc axis would lead to the conclusion that pure zinc corrodes
as a mono-valent metal- -an absurdity. Pieces of pure copper
and pure zinc v/ere corroded in series with a copper voltameter
with the following results :-
Cu .3922 .3719}
) Grams corroded
Zn .3656 .3763)
Voltameter .3719 .3497 grams deposited.


TABLE III
Corrosion in Sodium titrate Solution,
% Cu.
Grams Grams Grams. Cu. Grams Cu. fo Cu. of total
Corrosion Scale Corrosion in Scale Corrosion Corrosion
95,6 .3479 .2848
86.6 .3538 .3371 .2964 .2952 .86.6 86.1
83.2 .3428 .3379 .2943 .2888 83.1 81.6
76.3 .3596 .3355 .2690 .2542 74.8 7C.1
73.4 .3616 .3212 .2671 .2414 73.9 66.8
66.5 .3549 .3092 .2290 .2110 64.5 59.5
60.3 .3621 .3386 .2157 .2061 59.6 57.5
56.8 .3616 .3494 . 2038 .1973 56.3 54.6
51.3 .3750 .3289 .1987 .1650 53.0 44.0
47.6 .3866 .3327 .1840 .1512 47.6 39.1
22.6 .2797 .2565
10.5 .3649 .3297 !0258 .0163 7.1 4.5
3.1 .5520 .4052 .0202 .0044 3.7 0.8
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It is therefore apparent that the high corrosions in the
low copper brasses are due to disintegration. The pure copper
electrode was coated with an easily removable scale which exposed
a bright rr.etallic surface. This would account for the excess of
copper corroded over the amount deposited; and at the same time
give some insight into the results contained in Table II, which on
the current efficiency basis give values greater than 100 per cent.
The copper corrosion, however, decreases regularly, so that a pro-
longation of the curve would probably cut the copper axis at about
45 per cent. Again we see that the Y phase influences the copper
corrosion very greatly; only in this case the f3 crystals are dis-
solved from the mixture of X + /3 , whereas in the case of the sodi-
um chloride they were not.
To determine whether the scale stood in any relation to
the corrosion, an experiment was run similar to the one described
above, except that an attempt was rr.ade to separate the scele from
the rest of the corrosion product. This was done by dissolving
the hydroxids in very dilute sulphuric acid, and immediately
filtering off the scale onto weighed filter papers. The scale
was then dried, weighed and analyzed separately from the first
solution of the hydroxids. The data are gathered in Table III.
Column 1 gives the percentage of copper in the test-piece; col-
umn 2, the total corrosion; column 3, the total corrosion minus
the wfeight of the scale; column 4, the total copper corrosion;
column5i the total copper corrosion minus the copper in the
scale; column 6, the per cent, of copper in the total corrosion;
column 7, the per cent of copper in the total corrosion due to
TA3L2 IV
Corrosion in Sodium Sulphate Solution.
Grams Grams Cu. % Cu.
fj Cu. Corrosion Corrosion Corroded
93.6 .1184 .1069 90.3
86.6 .1184 .1012 85.5
83.3 .1177 .0888 75.5
76.3 .1192 .0907 76.1
73.4 .1188 .0845 71.2
66.5 .1192 .0756 63.4
60.3 .1214 .0688 56.7
56.8 .1172 .0515 44.0
51.3 .1136 .0357 31.4
47.6 .1132 .0015 1.3
22.6 .1031 .0010 0.97
10.5 .1094 .0003 0.28
3.1 .1116 .0002 0.18
LIBRARY
ILLINOIS.
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the copper in the hydroxid precipitate. The data are graphically
represented in Figure 3. Ko apparent relation exists between
the grams corrosion and the scale, although it is interesting to
note that the prolongation of the curves I and II for the low
copper brasses would meet at about 32 per cent, copper, where
there would be no corrosion scale. For the low copper brasses,
the copper in the corrosion product is mainly due to the copper
in the scale
.
Table IV contains the results of corrosion in a normal
sodium sulphate solution. In this case also, the pieces were
coated with a red scale. The corrosion products were of the
same nature as in the sodium nitrate solutions. From the curves
in Figure 4, it is evident that the amount of corrosion is pract-
ically the same for all brasses. Below 70 per cent., the brass-
es soon become copper rich, until at 47 per cent., the corrosion
is practically due to the zinc and remains so for all brasses
down to pure zinc. Here again we have a marked change in the
character of the corrosion product at the appearance of the Y
crystals
.
Differing in character from the preceding corrosions is
that in the ammonium oxalate solutions; the data for which are
given in Table V and Figure 5. At first, all of the brasses were
employed in the experiment, but the current soon decreased to al-
most nothing, even when 110 volts were impressed. The explana-
tion of this lies in the fact that the low copper brasses develop
insulating films which do not break down even under high voltages.
Consequently all of the brasses below 47 per cent, copper were
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removed, whereupon the corrosion proceeded as in the other cases.
The total corrosion increases with the decrease of copper content
in the brass, reaches a maximum at about 60 per cent, and then de-
creases very rapidly. A prolongation of the curve would reach
the copper axis at about 40 per cent.
,
showing again the influence
of the Y phase on the corrosion. The copper corrosion decreases
rather regularly for a time and then drops very rapidly. It,
too, would touch the copper axis at about 40 per cent, copper.
Por this electrolyte, the current efficiency curve would indicate
that the efficiencies would be somewhat above 100 per cent.
Many series were run using as the electrolyte a mixture of
5 per cent, ammonium oxalate and 3 per cent, oxalic acid, but the
results rrere so very discordant, that it was thought best to de-
fer a discussion of this corrosion until more accurate data are
available. The same is true for the normal sodium phosphate
solutions. In these two cases, the current fell off very rapid-
ly, so that after the corrosion had continued a few minutes not
more than a few mill-amperes of current flowed through the cells.
The voltage was then increased to 110, producing: a slight increase
in the current, which soon dropped to its former value. The
drop in voltage was roughly estimated from cell to cell. In one
case, for the acid oxalate solution, the drop for the 47.6 per
cent, brass was 40 volts and for the 51.3 per cent, brass, 20
volts. Likewise, in the phosphate solutions, the 10.5 per cent,
brass caused a drop of 60 volts. Therefore, in certain cases,
excellent insulating films are developed, which will not break
down under very high impressed voltages.
TABLE V.
Corrosion in Ammonium Oxalate Solution.
% Cu.
Grams Grams Cu. $ Cu.
Corrosion Corrosion Corroded
93.6 .4399 .4095 93.1
86.6 .4321 .3712 85.9
83.2 * 4.4. 22 .3624 81.9
76.3 .4677 .3542 75.7
73.4 .4726 .3459 73.2
66.5 .4958 .3219 64.9
60.3 .4753 .2818 59.3
56.8 .5481 .3114 56.6
51.3 .4919 .2447 49.7
47.6 .4416 .2139 48.4
\


TABLE VI
Corrosion in Sodium Carbonate Solution
% Cu.
Grams
Corroded
93.6 .0022
86.6 .0015
83.3 .0019
76.3 .0040
66.5 .0018
60.3 .0022
56.8 .0046
51.3 .0066
47.6 .0158
22.6 .0191
10.5 .0032
3.1 .0095

TABLE VII.
Corrosion in Sodium Acetate Solution.
Grams Grams Cu. fo Cu.
fo Cu. Corrosion Corrosion Corroded
93.6 .1107 .1036 93.6
86.6 .2656 .2311 87.0
83.2 .2623 .2139 81.5
76.3 .3710 .2785 75.1
73.4 .3661 .2719 74.3
66.5 .4021 .2668 66.3
60.3 .4094 .2397 58.5
56.8 .4120 .2247 54.5
51.3 .4397 .2249 51.1
47.6 .4318 .2043 47.3
22.6 .3254 .0015
10.5 .3458 .0022
3.1 .4483 .0147 3.3
1LIBRARY
ILLINOIS.
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Brasses do not corrode to any great extent in sodium car-
bonate solutions, as Table VI indicates. Here, too, difficulty
was experienced in getting a current through the pieces, due to
the formation of insulating films. This was especially true
for the 10.5 per cent, and 3.1 per cent, brasses --where a white,
adherent coating formed on the surfaces. These were scraped off
and after washing out all the sodium carbonate, they gave decided
tests for carbonates. The cleansed pieces v/ere replaced in the
series, whereupon the current rose to 0.15 amperes, but immediate-
ly dropped to almost nothing. At the end of the test, the 51.3
per cent, and the 47.6 per cent, brasses were covered with green
films, probably copper carbonate, while the other pieces were only
slightly discolored.
The results for sodium acetate (Table VII and Figure 6)
are rather unexpected. The grams • corrosion increase very rapid-
ly; attain a maximum at about 50 per cent copper; probably decreas-
es gradually and then rises very rapidly. The curve is not car-
ried beyond S3 per cent, because the exact nature of the curve is
not known-. This much, however, has been ascertained; the curve
must ascend very rapidly and cut the ordinate axis at about 0.23
grams. A piece of pure copper in a sodium acetste solution run
in series with a copper voltameter gave the following results :-
.1565 grams loss against .3719 grams gain by the voltameter; and
.1451 grams loss against .3497 grams gain. In these cases, as
well as in that of the 93.5 per cent, loss, the electrodes re-
mained perfectly clean and bright, without the slightest trace of
a scale.
TABLE VIII.
Corrosion in Amm
t
$ Cu.
Grains
Corrosion
93.6 .3976
86.6 .4032
83.2 .4158
76.3 .4162
73.4 .4306
66.5 .4332
60.3 .4202
56.8 .4471
51.3 .4424
47.6 .5014
22.6 .3908
10.5 .4707
3.1 .6582
a ISitrate Solution.
Grams Cu. % Cu.
Corrosion Corroded
.3723 93.6
..3461 84.8
.3459 83.2
.3121 75.0
.3152 73.2
.2852 65.8
.2511 59.7
.2516 56.3
.2378 53.7
.2242 44.7
.0302 7.7
.0341 7.2
.0231 3.5
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To determine the influence of the cation of the electrolyte
on the corrosion, an experiment was performed using a normal am-
monium nitrate solution. The results are embodied in Table VIII
and Figure 7. In this case all of the corrosion products dis-
solved in the solutions, since the solutions became ammoniacal.
The general character of the corrosion is the same as in the case
of sodium nitrate » The larger copper content in the corrosion
product of the low copper brasses from the ammonium nitrate so-
lutions than for the sodium nitrate solutions is probably due to
the chemical action of the ammonia.
In Figure 8 the relation between the composition of the
test-piece and the corrosion product is clearly seen. The percen
tage of copper in the original test-pieces are plotted as abcissas
while the per cent, of copper in the corrosion product are ordia-
ates. If the pieces corroded in the proportion of their con-
stituents, the curves would follow the dotted lines. In the case
of sodium nitrate, the brasses corrode in the proportion of their
composition down to about 50 per cent, copper; from there on, the
pieces are becoming copper rich until at about 40 per cent, the
corrosion product is almost pure zinc. For sodium chloride,
the brasses corrode in their original compositions down to 60
per cent. , then there is a very marked drop in the copper corros-
ion to about 50 per cent. Below that point the brasses become
very decidedly copper rich. The sharp drop in the copper con-
tent at 60 per cent, might have some relation to the action of
this alloy—I.Iuntz's Metal— in sea-waters. However, the property
of dissolving in the proportions of its constituents is not pe-

culiar to this alloy, but is the general behavior of all the high-
er copper brasses. In sodium sulphate solutions, the brasses be-
come copper-rich below 70 per cent., and rapidly become more so,
until at 45 per cent, there is practically no copper in the cor-
rosion product. In ammonium nitrate solutions, the brasses dis-
solve according to their percentage composition down to 40 per cent,
where there is a sudden drop in the copper content of the corrosion
product. The same relations obtain in sodium acetate and ammoni-
um oxalate solutions. In all cases, it is clearly evident that
the Y crystals have a very marked effect, on the amount of copper
corroded. This is also true for the 6 and K. phases.
While perusing the paper by Herschkowit sch (4) on the poten-
tial differences of alloys, the great similarity between his curves
for the copper- zinc alloys and our diagrams in Figure 8 was at once
noticed. In Figure 13 of his paper, the potential difference rap-
idly decreases as the copper content of the brass decreases until
at about 40 per cent, copper, the potential difference is almost
equal to that of pure zinc and remains so down to 100 per cent,
zinc. In our diagrams the per cent, of copper in the corrosion
product rapidly decreases with the decrease of copper content in
the brass, until at about 40 per cent, copper .practically no cop-
per is corroded, and from that point down to pure zinc very little
copper is found in the corrosion product. At once, the thought
suggested itself that the compost ion of the corrosion product was
dependent upon the potential differences of the various alloys.
Granting this, the nature of electro-chemical corrosion could be
predicted from the potential difference curves. A few preliminary
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experiments were made using a normal sodium nitrate solution as
the electrolyte and a piece of pure zinc as one of the electrodes,
while the "brass served as the other. These measurements were
only quasi-quantitative in as much as the zinc was continually
passing into solution, thus causing a continuous change in the
voltage. Herschkowitsch, however, employed a saturated zinc sul-
phate solution and of course experienced no such difficulty.
Our experiments were not comparable with his. Moreover, on compar
ing his data for copper-tin alloys with the corrosion data obtained
by Curry (I.e.) no concomitance was found. Further work along
this line was therefore discontinued for the present.
If chemical and electro-chemical corrosion are identical,
then the same results ought to be secured by the former method as
by the latter one. 2o test this, the brasses were corroded for
four weeks in a normal sodium persulphate solution; in a similar
solution with 5 per cent, excess of sodium hydrate, and a few-
pieces in sodium chloride solutions. A similar series was run
in sodium nitrate solutions, but the corrosion was practically
nothing. In all cases, air was bubbled continuously through the
solutions
.
The corrosion in the alkaline persulphate solution was very
unsatisfactory. In most cases part of the test-pieces were in
the liquid and part exposed to trie air; whenever this occurred,
the corrosion was only slight on the part in the liquid, but ex-
tremely deep and rough on the part in air. The experiment was
discontinued since the results would not have been due to the
persulphate solution. The 93.5; 83.2; and 75. 4 per cent brasses
TABLE IX.
Chemical Corrosion in Sodium Chloride Solution.
Grams Grams Cu. % Cu.
£ Cu. Corrosion Corrosion Corroded
93.6 .0866 .0713 82.2
86.6 .0692 .0565 81.6
83.2 .0571 .0456 79.9
76.3 .0168 .0126 75.0
73.2 .0131 .0095 72.5
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were badly corroded on the part of the pieces exposed to the air.
The 22.6 per cent. braas--a silvery-white alloy--was entirely coat-
ed with a very black deposit, which gave indications of crystallin-
ity. The 60.3 per cent, and the 76,3 per cent, alloys remained
practically unchanged. Two days after the corrosion had been
started, perceptible blue colors appeared in the solutions, con-
taining the brasses of less than 51.3 per cent, copper. This is
exactly the opposite of what happened in the sodium persulphate
solution; wheredeep blue colors developed and remained in all the
flasks containing brasses with more than 51.3 per cent, copper.
The results for the corrosion in persulphate solutions were
no more gratifying than in the alkaline persulphate solution.
The corrosion for the high copper brasses was extremely great; the
51.3 per cent, brass was coatee5, with a layer of copper, which must
have been reprecipitated onto the piece as its diameter was much
larger where the copper layer was present than where the piece re-
mained unchanged. The portion of the piece exposed to the air
was scarcely affected. The 3.1 per cent, brass was very much
larger after corrosion than before, due to a hard layer of copper,
in knobs and mounds, that must have been reprecipitated on to the
piece. The experiment was discontinued.
The pieces in sodium chloride were covered with light green
precipitates, readily soluble in nitric acid, without effervescence.
The results are given in Table 12. It will be seen that in most
cases, the corrosion product contained less copper than did the
original test piece.
The foregoing methods for producing chemical corrosion are
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unsuitable for our purposes. It is therefore proposed to corrode
the "brasses by various acids under conditions as nearly comparable
with the electrochemical method as possible. A comparison of the
rates of solution should give some insight into the passivity and
perhaps the constitution of the alloys.
Of greater commercial importance than the simple alloys of
copper and zinc, are the alloys containing various amounts of tin,
ranging from .£ per cent, to 2,5 per. cent. tin. These are es-
pecially useful for hydraulic machinery, and the other devices
intended to resist corrosion by sea-water, mine-water, etc.
Some of the physical properties of such brasses have been inves-
tigated by Thurston® who calls them "Kalchoids" . Guillet^nves-
tigated micrographically a few of these alloys, and finds that one
part of tin is equivalent to four parts of zinc. He says, "an
important property due to the introduction of tin has been shown
by numerous experiments, that of greatly increased resistance to
corrosion by sea-water". We therefore decided to study the e-
lectrochemical corrosion of a few of these brasses. Accordingly,
two series of brasses were casfc, on containing about .75 per cent,
tin and the other 1.00 per cent. tin. Their compositions are
as follows :-
% Cu # Sn fo Cu $ 3n
81.0 .78 86.9 .98
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# Cu % Sn % Cu # Sn
77.1 .70 77.2 .96
73.3 .76 74.8 .90
64.0 .77 71.4 1.02
58.0 .79 66.7 1.07
54.8 .75 63.0 1.05
54.7 .65
Owing to an error in calculation, the last two brasses of the .75
per cent, series were at first thought to he of different composi-
tions. The error was discovered too late to recast one of them;
nevertheless, both brasses were used in every experiment to serve
as a check*
The brasses were made by first melting the copper and then
adding the zinc and tin, stirring well and pouring as described in
the case of the simple brasses. All pieces were annealed at
o
4CC C. Throughout this work the tin was estimated as stannic
oxide by ignition of the sulphide. The exact procedure is given
by Olsen (9). The copper was determined electro-chemically in
the filtrates from the tin determinations. In the analyses of
the test pieces, 3-4 grans of the alloy were used and the duplicate
tin analyses were very satisfactory. However, for the analyses
of the tin in the corrosion product, the quantities were usually so
small, that the results tabulated below must be considered merely
as approximate. The accuracy and rapidity of the work is greatly
diminished by the lack of a good rapid method for determining
small quantities of tin in the presence of large quantities of
copper.
Corrosion tests were made in normal sodium nitrate, sodium
TABLE X A
Corrosion in Sodium nitrate Solution.
t j on.
Grams Grams Cu. Grams 3n. /o CU. /j on.
p cu. Corrosion Corrosion Corrosion Corroded Corrode
04. 1 • oo 1. olio . bo fa • 0120 55 .
1
. 73
04k. O • (0 JL. oUoU . boob r\~\ ci. UXOl O4.0 • 94
58.0 .79 1.6494 .9546 .0151 57.9 .92
64.0 .77 1.6471 1.0524 .0119 64.0 .72
73.5 .76 1.5651 1.1492 .0204 73.4 1.30
77.1 .78 1.5850 1.1806 .0155 74.5 .98
81.0 .78 1.5758 1.2669 .0241 80.4 1.53
63.0 1.05 1.6520 1.0304 .0128 62.4 .77
66.7 1.07 1.6585 1.1162 .0162 67.2 .98
71.4 1.02 1.5640 1.1126 .0198 71.1 1.26
74.8 .90 1.5958 1.1958 .0188 74.9 1.18
77.2 .94 1.5155 1.1350 .0183 74.9 1.21
86.9 .98 1.5520 1.3312 .0137 85.8 .88
TABL2 X B.
54.7 .65 1.3280 .7262 .0089 54.7 .68
54.8 .75 1.3633 .7504 .0147 55.0 1.08
58.0 .79 1.3880 .8124 .0120 58.5 .86
64.0 .77 1.3768 .8809 .0155 64.0 1.13
73.3 .76 1.4118 1.0404 .0133 73.7 .95
77.1 .78 1.3708 1.0696 .0123 78.0 .90
81.0 .78 1.3599 1.0982 .0192 60.8 1.41
63.0 1.05 1.3767 .8676 .0141 63.0 1.03
66.7 1.07 1.4381 .9570 .0160 66.6 1.11
71.4 1.02 1.3577 .9646 .0144 71.1 1.06
74.8 .90 1.3975 1.0524 .0128 75.3 .93
77.2 .94 1.2989 .9732 .0135 75.0 1.04
86.9 .98 1.3341 1.1682 .0122 87.6 .92
IUINOIS.


IA3LE XI A
Corrosion in Sodium Sulphate Solution;
iff n,,c/o Cu. °jo on.
Grains Grams Cu. Grams Sn, $b Cu. % Sn.
Corrosion Corrosion Corrosion Corroded Corrod<
54. 7 .65 . 8812 .4875 .0036 55.3 a n.41
54.
8
.
75 .8794 .4802 54.6
58.0 . 79 . 8826 .5194 .0043 58.9 .50
64.0 .77 .8796 .5642 .0071 64.1 .81
73.3 .76 .8711 .6250 .0025 71.8 .40
77.1 .78 .8706 .6832 .0077 78.5 .89
81.0 .78 .8679 .7014 .0067 80.8 .77
63.0 1.05 .9097 .5729 .0095 63.0 1.04
66.7 1.07 .8733 .5841 .0070
,
66.9 .79
71.4 1.02 .6662 .6111 .0096 70.6 1.10
74.8 .90 .8719 .6591 75.6
77.2 .94 .8706 .6678 .0040 76.7 .45
86.9 .98 .8664 .7605 .0056 87.8 .65
TABLE XI B.
54.7 ..65 .8564 .4715 .0041 55.1 .49
54. e .75 .8884 .4788 .0043 54.0 .46
58.0 .79 .8458 ..4888 .0063 57.8 .75
64.0 .77 .8549 .5209 .0091 62.4 1.09
73.3 .76 .8347 .6661 .0093 73.8 1.12
77.1 .78 .8322 .6425 .0053 77.2 .63
81.0 .78 .8317 .6739 .0117 81.0 1.40
63.0 1.05 .8539 .5367 .0078 62.9 .92
66.7 1.07 .8412 .5509 .0112 65.5 1.33
71.4 1.02 .8370 .5967 .0030 71.3 .35
74.8 .90 .8342 .6241 .0114 74.8 1.37
77.2 .94 .8373 .6466 .0091 77.2 1.09
86.9 .98 .8316 .7264 .0118 87.4 1.42
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sulphate and sodium chloride solutions. Each series was run in
duplicate. Table X and Figure 9 give the results for sodium
nitrate solutions. As above no effort was made to keep the cur-
rent uniform throughout the different series; our aim being to get
a large corrosion product. The curves are plotted in such a way
that any ordinate, within the lin.its of the experiment will show
the per cent, of copper in the 1.00 per cent, tin "brasses and the
0.75 per cent, tin brasses, that will give the same amount of cor-
rosion. In this way it was hoped that the influences of small
amounts of tin on the corrosion could be detected. In all cases
the curves marked (a) refer to the copper corrosion; those marked
(b) to the total corrosion.
For the .75 per cent, tin brasses, there is a marked in-
crease in the amount of corrosion, as the per cent, of copper de-
creases; this is in accord with the results for the simple brasses
in sodium nitrate. For the 1.00 per cent, tin brasses the increase
is not so marked though no less real. A brass containing 70 per
cent, copper and 1.00 per cent, tin corrodes as much as a brass
containing 75 per cent, copper and .75 per cent, tin; in the same
manner, a brass of 65 per cent copper and 1.00 per cent, tin and
one of 50 per cent, copper and .75 per cent, tin would corrode
equally. Or in general, in sodium nitrate solutions, to produce
the same amount of corrosion, the higher the tin content, the high-'
er must be the copper content also.
The same rule does not obtain in sodium sulphate solutions
as Table XI and Figure 10 clearly show. In this case, the amount
of corrosion remains practically constant, agreeing with the re-
TABui'i All A.
Corrosion in Sodium Chloride Solution.
70 Cu.
Grams Grams Cu. Grams Sn % Cu. $ Sn.
70 an. Corrosion Corrosion Corrosion Corroded Corroded
54.7 .65 .5123 .2779 .0041 54.2 .80
54.8 .75 .5167 .2886 .0041 55.8 .79
58.0 .79 .5241 .3033 .0046 57.9 .87
64.0 .77 .5447 .3443 .0042 63.2 .77
73.3 .76 .5910 .4350 .0042 73.6 .71
77.1 .78 .5906 .4598 .0059 77.9 1.00
81.0 . 78 .6192 .4977 .0055 80.4 . 89
63.0 1.05 .5519 .3484 .0043 63.1 .79
66.7 1.07 .5568 .3678 .0086 66.1 1.54
71.4 l.o2 .5674 _ _ — _
74.8 .90 .5881
77.2 .94 .6076 .4/16 .0055 f ( . 6 .91
86.9 .98 .6498 .5707 .0075 87.8 .89
TABLE XII B.
54.7 .65
54.7 .65 .6941 .3793 .0040 54.5 .57
54.8 .75 .6944 .3809 .0061 54.9 .88
58.0 .79 .6861 .4047 .0036 59.0 .93
64.0 .77 .7298 .4719 .0054 64.7 .74
73.3 .76 .7599 .5593 .0047 73.6 .83
77.1 .78 .7808
81.0 . 78 . 7895 .6405 .0040 81.1
63.0 1.05 .7529 .4751 .0073 63.1 .93
66.7 1.07 .7545 .5067 .0078 67.2 .49
71.4 1.02 .7597 .5445 .0072 71.7 1.03
74.8 .90 .7464 .5519 73.9
77.2 .94 .7808 .6029 .0061 77.2 .78
86.9 .98 .8462 .7324 .0042 86.6 .49
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TABLE XIII.
Comparative Corrosions.
Grams of Corrosion
EaCl
a Ba2304
1 2 1 2 1 2
4509 .9679 .3108 .7190 .2676 .6293
4486 .9827 .2992 .6739 .2886 .6307
4477 .9636 .2969 .6815 .2866 .6304
suits for the sic.pie brasses. The tin seems to have no influence
on the amount of corrosion or its copper content.
In sodium chloride solutions, the brasses behave different-
ly than in either the sulphate or the nitrate solutions. ( Table
XII and Figure 11) The amount of corrosion decreases with de-
creasing copper content, as in the case of the simple brasses.
The influence of the tin is very marked. A brass, containing 60
per cent, copper and 1.00 per cent, tin corrodes as much as a brass
of 71 per cent, copper and .75 per cent, tin; or one of 70 per cent,
copper and 1.00 per cent, tin as much as one of 80 per cent, cop-
perand .75 per cent. tin. In this case, the greater the tin con-
tent, the copper remaining constant, the greater the corrosion.
However, there is a limit to the amount of tin that can be added,
due to the mechanical properties of these brasses.
In order to verify the foregoing conclusions, and to obtain
some idea of the relative corroding power of the various electro-
lytes, the following experiment was performed. Three brasses of
approximately the same copper content, but of different tin con-
tent, were corroded in the sodium sulphate, sodium nitrate and sod-
ium chloride solutions, by the same current. The results are
given in Table XIII. It will be seen that the conclusions drawn
above have been verified; in the sodium sulphate solution the cor-
rosion is constant; in sodium nitrate, it decreases with increase
of tin. The results for sodium .chloride are just the opposite
of what was expected.
If we accept the values for sodium sulphate as the theoret-
ical amounts, when copper is divalent and zinc divalent, then in





- 24 -
sodium nitrate solutions, the "brasses dissolve more rapidly than
would be expected.; while in sodium chloride solutions, the effi-
ciency is far below the theoretical, assuming the copper to dis-
solve in cuprous form.
finally, we present photographs of a few corroded pieces,
and the micrographs of the corresponding brasses. Although the
magnifications in the series are different, that for the corroded
specimens being about x 14, while for the micrographs it is x 67,
a comparison of the results of both methods of etching yields in-
teresting results. Figure 12 represents the appearance of the
93.5 per cent, brass after corrosion in ammonium nitrate solution.
There is nothing very characteristic ebout the corrosion, just
what we would expect from Figure 13, which is the nitric acid
etched micrograph of a similar brass. From the latter figure we
oc
see that the annealed brass consists of large uniform lobes of
crystals, which would all corrode at the same rate. In Figure
14, we have the ax>pearance of the 76.3 per cent, brass after cor-
rosion in sodium chloride solution. The dendritic structure is
very apparent. The areas of varied brightness are due to differ-
ences in the reflection of the light from the various crystalline
faces. The micrograph of this brass (Figure 15) would confirm
in a general way the appearance of Figure 14. The light portion
is one crystalline face; the dark portion another. The dendritic
structure is also visible in the figure. Probably the corroded
specimen of most striking appearance is that of the 56.8 per cent,
brass as shown in Figure 16, for a sodium chloride solution.
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The surface of the piece was covered with a net-work of crystals,
sharply separated from one another by thick, raised borders.
Within each crystal, some parts have "been eaten eway, leaving a mass
of smaller crystals. Acid corrosion gives the same result, as
Figure 17 very clearly demonstrates.
In this figure we see the boundary crystals in detail and
notice that they are not single crystals, but a line of many small-
er ones. According to Shepherd's classification, a 56.0 per cent,
brass is a mixture of cc and (3 crystals. It is probable that the
smaller crystals are of the y3 variety, while the large areas are oC
crystals, breaking down into /3 . At this point the question nat-
urally arises ; what are the small crystals? Are they a compound
or a mixture? It would be a hopeless task to mechanically pick
out a few crystals and analyze them; although a test piece could
be made of such dimensions as to render such a problem feasible.
However, our corrosion data show us this much: in sodium chloride
solution, the corrosion product contained only 25.1 per cent, cop-
per as against 56.8 per cent, in the original test piece; and there
remained no film of cooper after corrosion. In all other electro-
lytes, the composition of the corrosion product agreed with that
of the original test-piece. Therefore, we cannot explain the
peculiar structure from our electrochemical data.
Another striking corrosion is illustrated in Figure 16.
It is for a 47.6 per cent, brass in a sodium nitrate solution.
The picture does not adequately convey a true conception of the ap-
pearance of the test-piece. The surface was sharply divided into
small areas, by raised outlines. The areas were not flat, but

figure - I 9
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were cup-shaped, giving one the impression that certain portions
of the piece had been gouged out. That soir.e such corrosion would
occur could have been predicted from the micrograph of the brass
(Figure 19). A remarkable feet about this brass is that no etch-
ing was required; the photograph v/as taken from the polished spec-
imen. The: cell like structure is very apparent. Such a brass
Oontains/3 and / crystals . Again we are brought face to face with
the difficult problem of differentiating the various crystals and
determining their constitution. Electrochemical corrosion sheds
some light on the question. Only 1.3 per cent, copper are found
in the corrosion product; whereas the original brass contained
47.6 per cent. Moreover, the grams corrosion indicate that the
test piece reacted as though it were almost pure zinc. We must
therefore conclude that the copper is combined in such a manner
as to form an insoluble; i. e., a relatively non-corrosive alloy.
The crystals cannot be pure copper, because we know that pure cop-
per under the same conditions corrodes readily. To illustrate
the deep disintegration that often occurred in the low copper
brasses, we include a photograph (Figure 20) of the 3.1 per cent,
brass after corrosion in sodium nitrate solution. The micrograph
did not reveal anything characteristic and was therefore omitted.
The equilibrium diagram for c opper- tin-zinc alloys has not
been worked out. From an inspection of the following photographs,
it is readily seen that small percentages of tin have but little
effect on the appearance of the test-pieces. A brass containing
61 per cent, copper and .78 per cent, tin presents much the same
appearance ( Figure 21) as does the simple brass having 76.3

0^6

Figure- £3
Figure

- 87 -
per cent, cooper (Figure 14). A microgreph of the saine alloy
reveals the peculiar structure, shown in Figure 22* Of all the
llalchoids, none surpassed the 54.7 per cent copper and .65 per cent,
tin alloy in appearance after corrosion. Figure 23 represents
such a test-piece corroded in a sodium sulphate solution, although
the same effect rr.ay he obtained in sodium chloride or sodium
nitrate solutions. The rough surfsce is due to large rectangular
crystals, golden in color, giving a most beautiful effect in sun-
light. A comparison of this picture with thst for the simple
brass of 56.8 per cent, copper content (Figure 16) reveals many
points of similarity between the two; although the Kalchoid has
not the symmetry of the simple brass. The micrograph of the Eal-
choid (Figure 24) is almost identical with that shown in Figure 17.
For this brass also, electrochemical corrosion has given us but
little insight into the actual changes. of the test piece. Some
portions have been eaten away; while others apparently remained
unchanged, yet the corrosion product contains the same per cent,
of copper as the original test piece.
Summary.
In this research we have prepared brasses of varying composi-
tion, and have studied the electrolytic corrosion of these in salt
solutions; e.g. sodium chloride, sodium nitrate, sodium sulphate,
ammonium nitrate, sodium carbonate, sodium acetate, ammonium oxalate,
ammonium oxalate plus oxalic acid, and sodium phosphate.
V/e have shown that in sodium chloride solutions, the amour.t
of corrosion decreases with decreasing copper content of the brass;
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in sodium sulphate solutions, it remains constant; while in sodium
nitrate solutions, it increases.
The and (3 bn BS( B seem to have hut little effect on the
corrosion. The Y> € and h. brasses prevent the copper from cor-
roding; hut have little restraining effect on the sine. T,o brass
becomes passive in the more common Bait solutions.
Chemical corrosions have been attempted but the results are
unsatisfactory.
Two series of copper- tin-zinc brasses were prepared; one con-
taining. 75 per cent, tin and the other 1.00 per cent. tin. [These
have been corroded in solutions of sodium sulphate, sodium nitrate
and sodium chloride.
The addition of tin to a brass has no effect on the amount
of corrosion in sodium sulphate solutions; in sodium nitrate so-
lutions, it slightly decreases the corrosion; in sodium chloride,
it slightly increase the corrosion.
Photographs were taken of the appearance of the electrodes
after corrosion; and these were compared with micrographs of sim-
ilar brasses.
The expenses of this research have been covered in part by a
grant from the American Electrochemical Society.
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